Express Mail No. EV 315185255 US 



Patent Application 



UNITIZING ™ EMENT AND METHOD FOR ASSEMBLING A SEAL 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority to co-pending U.S. Provisional Application 
No. 60/414,862, filed September 30, 2002, entitled "LABYRINTH SEAL", herein 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 
[0002] The present invention relates to labyrinth sealing devices for providing a 
dynamic seal between a rotating shaft and a bearing housing, and a method for 
assembling the same. 

DESCRIPTION OF RELATED ART 
10003] Labyrinth type rotary shaft seals are well known in the art. Typically, these 
devices include two concentric ring structures which comprise a rotor and a stator. 
The rotor is sealingly engaged with a rotating shaft and the stator is sealingly engaged 
with a bearing housing. Many different types of seals have been used to try to seal 
the space between the spinning rotor and the fixed stator. These include O-rings, 
rubber lip seals, and labyrinth seals. Labyrinth seals are the most effective type of 
seal. Specifically contoured pathways or grooves are formed on the interior surfaces 
of the seal rings to create a labyrinth extending between/the exterior of the bearing 
housing and the interior of the bearing housing. The labyrinth pathway serves as a 
hydrodynamic barrier to maintain fluid lubricants within the bearing housing and 
prevent contaminants from entering the bearing housing. The more elaborate the 
pathway, the less chance there is that contaminating materials will pass through the 
structure and into the bearing housing. 
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' [00041 One method of making a more elaborate pathway is to inorease the amount 
of surface area that must be traversed by the contaminating matertals, i.e. by 
increasing the length of the pathway. In order to achieve an effective labyrinth sea, 
many have created elaborate sealing shares comprtstng ridges and valleys on both 
the rotor and stater sides whtch interlock to form a seal. By tncreasing the number of 
ridges and valleys, the total surface area / .cngth of pathway is tnereased thereby 
achieving the above stated goal of blocking out contaminants. Given the relatively 
small spaces and tolerances involved, the number and size of these fingers is hmtted 

,0005) In anotircr aspect of rotary shaft seals, contaminants which do migrate into 
the system need to be expelled as quickly as possible. Build up of particulate matter 
can damage the seal and/or cause increased wear of the rotor and sta.or. Furthermore, 
any lubricating fluid forced out of the system must likewise be recaptured and 
returned to the interior of the rotor. Loss of lubricating fluid will lead to damaged 
parts and increase the frictional heat of the system. 

[00061 In a typical rotor and staler configuration, some minimum clearance must be 
maintained to keep the rotor and staler from contacting one another. In some 
applications, such as atrcraft landtng gear, the rotor spins a. speeds in excess of about 
5000 rpm If a surface of the rotor contacts a surface of the staler at these speeds, 
frictional hea, develops, the components wear and the overall efficiency and worktng 
Mfe of the apparatus declines, ft is, therefore, important to keep the rotor and staler 
separate. 

[00071 Rubber or plastic sealing devices are often employed between the rotor and 
stator ,o keep them separate in the radial direetion by providing a low friction contact 
between the two components. It would also be beneficial if the same seating devtee 
could prevent contact in the axial direetion, in me event that the rotor was forced 
toward the stator. 
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from the stator, the reverse problem can 

As the rotor moves ax* away from the stator, the gap between the 
' Is .creasmgthehkehhoodofcontammantsenteringthebeanng 

m ponents widens, increasing ofthesebeing und esirable scenarios, a 

h0US1 ng or grease leaking to ^ together is desi re, 

seal that the rotor a, — J componentS) but wlthstand and 

The seal should provide for easy assem y 
preV ent the rotor from disengaging the stator in the axial direction. 

,0009! Prior labyrinth seals have failed to provide an effective seal that is durable 
[0009] Prior laoyr between the 

and wear-resistant, unitizes the rotor and stator, and prev 
rotor and stator during periods of axial movement. 

,0010! It is to these perceived needs that the present invention is directed. 

BRIEF SUMMARY OF THE INVENTION 

r:=:::::-=™---~-r„r 

f o loss of bearing lubricants. The unitized, non-contacting 

ZX^ - - 

,„„, — : r::^-.-™ 

„ ™tr,r pnpaeina member, a stator engaging" 
orovided comprising a rotor engaging H -«.»«, of 

P f „ „f the unitizing element comprises two areas oi 

memb e, The radiaUy outer surface of « ^ ^ ^ 

Bering diameter, one -^^^.Ll- — «-* 
corresponding to the rear member and the stator engag g 



3 



Express 



Mail No. EV 315185255 US 



— " ***** " a C g a, annular en g a g emen, flange extend.ng in an 
rad.al side thereof, a stator comprtsmg 

«« direction comprising a groove on a rad.a, ~ ' ^ , rear 

• • „ * stator engaging member, a rotor engaging 
T TI engages the rotor groove and dre stator 

^Igtag nKmber extends from the unitizing element in a radial direction to engage 
the stator groove. 

l0014 , fc . furtte aspect of the present tnvendona ^J^T 
assembly for sealtng a rotatmg shafr ^^ Z^ m an axial 
— ^ ~ C ° m C:"^ — P— a unking element 

d ' reCtl ° n "irr— a rotor engaging memher, a vo,d oomprts.ng 
comprising a stator engaging engaging member, and a 

the are a between tbe stator engaging member the rotor 

rear me mber; engagmg the unitizing element with th ***** 
engaging member of the unitizing element is retained wrthm the^ 

fl „. farther providing a stator comprising an annular 
annul engagement flange, further provi g & ^ 

«t fUnee extending in an axial direction comprising gro 
engagement flange extenan g p1pme nt with the stator such 

u * n A finally engaging the rotor and unitizing element wun 
side thereof; and finally engagi g unitizing element is m 

i«o member deflects onto the void until the unrazi g 
:r II = ^g — extends into the area of the stator groove. 

m5] Afc amreo f ,hepresen t — ^^iT 

t The unitizing element is annular with a cross secuo 
unitizing element. The unitizing ^ 

w tn fit within the confines of grooves in me iu 
substantially rectangular to fit wrthtn ^ 

The uniting element further comprrses a stator en ng ^ ^ 

engage a groove on the stator and a rear memher ^ ^ ^ ^ 

of the stator to prevent axial movement. If ax.al mov 
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wall of the S «a«or before the rotor contacts the state, Th,s feature p 
wear of the main components and preserve the ,abynn«h pathway. 

f wii it, the art many different embodiments 
mm 61 As will be realized by those of skill in the art, many 

: Uth uniting Cement ant, method of assetnb.y accordmg to «te = 
Z are possrble Additional uses, objects, advantages, and novel features 

"* " * in the detarled description that fellows and win become more 
invention are set forth in the detar.e e Qf 

apparent to those skilled in the art upon exammat.on ef the follow g 



the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



10017] FIG. 1 is an isometric exploded vtew of a seahng assembly in an 
embodiment of the present invention. 

[0018] FIG 2i..«-^^-»-^ rf ^^ 

f n of the sealing assembly including an enlarged yiew of the 
comprising a cross section of the sealing > 

unitizing element and surrounding area. 

, 00191 FIG. 3 is a cross section. v,ew of a rotor and stator configuration wirhou, 
.he unitizing element in an embodiment of the present invention. 

100M1 m. 4 is a cross sectiona, vrew of a unitizing elenrent of an embodiment of 
the present invention. 

, 00211 no. 5 is a cross sectiona, vrew of an embodiment of .he present mvention 
cXLng a cross section of the seahng assembly mc.udtng a rotor, stator, and 
unitizing element. 
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[0 , 2 Z, FIG. 6 is a cross sectional view of .he sealing assemb.y of an embodiment of 
the present invention with an enlarged view of the staler O-nng. 

[00231 FIG. 7 is a isometric view of the sealing assemb.y in an embodiment of the 
sealing assemb.y of the present tnvention showing a lubricant dramage port and a 
contaminant expulsion port. 

DETAILED DESCRIPTION OF THE INVENTION 

,00241 The present invention comprises a novel unitizing element for use between a 
rot a,ing shaft and a bearing housmg compnsmg a sta.or. This unitiz.ng element ,s an 

dement unitizes the rotor and sta.or, preventing separation and restricting movement. 
Thts un.tiz.ng element also contains a rear member which, in the case of axtal 
_„,, will prov.de a non-metalhc component to prevent contact of the rotor and 



stator. 



,0025, in another aspect of the present invention, a labyrinth sealing assembly .s 
provided The labyrinth sealing assembly comprises a stator engaging a beanng 
housmg, and a rotor engagmg a rotating shaft. A labynnth pathway is defined 
between the two components to prevent the migration of lubricants and/or 
contaminants in e.tber direction. The stator comprises an axially extending flange 
w„h a groove. Th.s groove mates wth a similar groove on the rotor. Contamed 
within the resulting cavity is the annular unitizing element. 

,0026, In another embodmren, of the present invention, a method for assembling a 
sealing assembly is prov.ded. A unitizing element , employed between a rotating 
shaft and a bearing bousing to prevent leakage of lubricant from the housmg and entry 
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of contaminants into the housing. Further, the unitizing element unitizes .he seating 
assembly and prevents contact of the rotor and stator. 

,0027. The tnvention will now be further described by way of specific embodiments 
hereof, with the understandrng that the present d.sclosure is to be cons.dered as an 
exemp.tf.ca.ton of the principles of the invention. Exemp.ary embodiments of the 

the various embodiments. 

,0028] Referring to FIG. 1 , the unitizing element of the present tnvention shown in 
a seahng assembly wh,ch genera.ly comprises a srator .0 seahngly engaged to the 
bearing housing by an O-nng 64, a ro.or 50 which is sealingly engaged to .he shaft by 
an O-nng 60, and a unitizing element 30 ,oca.ed between the ro.or 50 and the stater 
,0 As the rotor turns, the umfizing element 30 prevents the rotor from con.act.ng the 
stator by providing a low friction buffer between the two components and former 
re ,a,ns lubrication within and excludes contaminants from the bearing hous.ng. 

,0029, The umfizing element may be viewed in more detail in FIGS. 2 and 4, wh,ch 
show a cut away view of .he assembly, and a cross sectional view of the umttzmg 
elemen., respectively. V,ew,ng a cross section, the nni.iz.ng element composes a 
ro.or engaging member 36, a rear member 34 and an stator engaging member 32. 

,0030, In one embodiment of the present invention, .he radially outer surface of the 
unitizing dement compnses two areas of differing diameter. The differing diameters 
include, one diameter in the area of .he rear member 34 and a differing diameter m 
the area of the roror engaging member 36. A waft 38 is fonned by .he drspanty ,n 
diameter between fire rear member 34 and the rotor engaging member 36. Th>s wall 
38 functions to retain fire unitizing elemen, wiftnn a rotor 50 dunng assemb.y, and to 
unitize the rotor 50 and stator 10 after assembly. In a preferred embodrnten. of .he 
present tnvention, the wan 38 is portioned a, about the axia, m.dpoin, of the umtizmg 
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element However, one skilled in .he art wil. recognize the position of the wall 38 
will vary depending on the functionality required of the unitizing element and the 
confutation of the rotor and staler assembly. In a preferred embodiment of the 
present invention, the wall 38 is substantially perpendicular ,o the axis of rotation. 

[0031] The stator engaging member 32 extends from the radially inner side of the 
unitizing element 30. The stator engaging member 32 extends from about the 
mrdpoin. of the unitizing element a. an angle. The length and exact locafon of the 
stator engaging member will depend upon rotor and staler characteristics as well as 
ease of assembly concerns. The stator engaging member must have suffice™ 
smength to unitize .he sealing assembly, while being flexible enough to deflec. dunng 
assembly There is a void 40 formed by the area between the rotor engaging member 
36 and the stator engaging member 32. This void 40 provides an area for the stator 
engaging member 32 to deflec. into when the rotor, stator, and unitizing element are 
brought together into a sealing assembly. 

[00321 While the particular shape of the unitizing element 30 including the wall 38, 
rear member 34, rotor engaging member 36 and stator engaging member 32 are 
critical to its operation, the exact dimensions of these components as well as that of 
the unitizing element itself will vary according to the intended use of the unt.tz.ng 
element These modifications in dimension will be apparen. to one skilled m the art 
and fall within the scope of this invention. Thus, the unitizing element of the present 
invention is not limited to sealing applications of any particular size, and ,s equally 
applicable to a wide range of uses. 

(0033] The unitizing element 30 of the present invention comprises a material 
suitable for its intended purpose depending on the particular temperature, pressure, 
coefficient of friction, and other operating characteristics. Common materials for use 
in the unitizing element of the present invention comprise fluonnated polymers or 
resins In one embodiment of the present invention, the unitizing element 30 
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. „i i„ a nrffmed embodiment of the present 
comprises a lubrieious plasnc matenal. In a preferred emo 

invention, the uniting element comprises po.ytetrafluoroethy.ene (PTFE). 

,00341 in a mo, preferred embomment of the present invention, the unitizing 
Lent 30 composes fined PTFE. F.I.ed PTFE conges PTFE with a m e 
di spersed throughout. FiUers include, bu, are no, limned ,o, stittetura, fillers such 
gl ass, and lubricants such as graphtie, m„ ly bdenum disulphide, and other solid 
lubricants. 

„„35, In another aspect of the present invention, a seating assembly is provided 
comprising the uniting element 30 of.be present invention. An examp le of a 
seall „ g assembly of the present invention may be best viewed m FIG, and ^ * 
seating assembly comprises a rotor 50, stator ,0, and uniting element 30. The ro or 
30 ,s seahngly engaged to a shaft running through the center of the seating assembly. 
The rotor 50 eomprrses an axially extending annular flange 52 eompnsmg a roror 
™ 0 ».54 located on a radially inward side of the flange 52. Thestaror 10. 
Lmgly engaged to a bearmg bousmg 68 and eomprrses an axially extendmg annular 
flange ,2 eompnsmg a stator groove 14 located on a radially 
flange 12. A unitizing element 30 comprtstng an rotor engaging member 6 a stator 
engagtng member 32, and a rear member 34 res.des within the area form*! M» 
space between the rotor annular flange 52 and the stator armular flange 12. More 
p ecsely, the untiiztng element 30 resrdes partially w„h,n each of the rotor groove 54 

,00361 FIG. 3 shows the detar.ed portion of FIG. 2 without the unitizing element in 
,ace in one embodiment of the present invention, the seating assembly includes a 

54 located on a radially inward side 
.hereof The groove 54 comprises two opposing waits 58a and 58b. Similarly, the 
stator ,0 compnses an annu.ar flange 12 containing a groove ,4. The stator groove 



an annular flange 52, which contains a groove 
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14 also comprises two opposing wa..s ,8a and 18b. .n a preferred embodimen, of the 
present invention, the opposing walls of the ro.or groove 58a. 58b and the opposmg 

„«is n 1 Share about perpendicular to the axis of the shatt. 
walls of the stator groove 18a, 18b are aooui poi F 

,0037] to one embod.men. of the present invention, shown in FIG. 3, each opposing 
wal, of the rotor groove is axially ahgned with .he corresponding opposing wa o the 
s.a.or groove, such tha, opposing wall 58a is axially aligned with opposing wall 18a 
mi opposmg wall 58b is axially aligned wuh opposing wall 1 8b. Tins configuration 
forms an area of rectangular cross section in which the ro.or engaging member 36 and 
inner engagement member 32 of the unitizing element 30 are housed. 

,0038] In a preferred embodrmen. of the present invention, a. leas, one of .he walls 
of the s.a.or groove 54 and correspond wall of me ro.or groove 14 are offset, such 
*ha. one of .he pans of ro.or groove wall 58a or 58b and corresponding s,a.or groove 
wall 18a or 18b are not in axial alignment. 

,0039] One example of tins offset is shown in FIG. 5 wherein one wall of .he s.a,or 
groove 18b comprises .he rear wal. of .he s.a.or 20. FIG. 5 also Ulnsna.es another 
embodimen. of.be present invention in which one wall of .he ro.or groove ,s 
eliminated such .here is no ro.or groove wal. 58b as is shown in FIG 3. In fas 
embodimen,, .he unitizing e.emen. is press fit into .he ro.or. The unitizing element of 
the press fit embodimen. comprises a constant ou.er diameter throughout .he lengm of 
the unitizing element. 

,0040] Referring to FIG 7, in another embodiment of .he presen, invention, the 
s.a.or ,0 former comprises an oil drainage port 22 on .he .n.erior shaft side of .he sea. 
,„ facilitate drainage of oil .ha. has migrated in.o .he unitizing e.emen, area. Over 
tim e, .ubrican. may seep pas, .he sta.or and un.tiz.ng element The oi. drainage por, 
22 provides a pa.hway for oi. to pass back into .he bearing cavny s.de of .he seal <o 
lubricate the rotating shaft. 
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[0 041] In a further embodiment of the present invention, the stator 10 further 
comprises an expulsion port 24 located on the sta.or's atmospheric stde. The 
expulsion port 24 allows any contaminants that migrate into the seal area to be 
expelled from the assembly. 

,0042) In a preferred embodtmen, of the present tnvention, the sealing assembly 
comprises the rotor 50 and stator 10 with the unitizing element 30 housed theretn. 
The rotor engagtng member 36 of the unitizing element 30 engages .he ro.or groove 
54 such that .he axially outer stdes of the rotor engaging member 36 contact the 
oppostng wans of .he ro.or groove 54. In a most preferred embodtmen, of fte present 
,„ven,ion, the rotor engaging member 36 "floats" within .he ro.or groove 54 so as to 
m „,mize contact and friction durtng operation. When there is an axial shtft of the 
r „,„r and stator relative to each other, .he rotor engaging member 36 wi.l .hen contact 
the corresponding wall of the rotor groove 54. 

,00431 Similarly, me stator engaging member 32 contacts .he stator groove and/or 
the groove wall 18a. During operation, the unitizing element "floats" withtn the 
cavity formed between the rotor and stator. However, .he stator engagtng member 32, 
being flexibly attached to the unttizing element 30, does provide a means to keep .he 
unitizing element 30 tn posttion by contacting the wall 18a of the stator groove 14 
should the assembly shift during operation. 

,00441 In a further embodtmen, of the present tnvention, me unitizing elemen. 30 
also contains a rear member 34. The rear member 34 prevents .he rotor and stator 
from dtrectiy contacting one another tn the even, of axial movement toward each 
other If the rotor shifts toward tire sttttor, the rear member 34 of the unitiztng 
element 30 will comae, me rear wall of me sttttor 20 before the rotor and s«a,or make 
dime, comae,. The ro.or 50 wi.l contact and press agains, the unitiztng elemen, 30 
via one of me opposing walls 58a of the ro.or groove 54. Thts action will force me 
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rear member 34 of .he unitizing element against the sta.or rear wall 20. Sinee the 
unitizing element is preferably constructed of a iubricious plastic materia!, the 
Mctiona, force between the unitizing element 30 and the rotor 50, and tire unitizing 
e,emen, 30 and the stater 10 will be significantly less than direct contact between the 
rot „r 50 and staler 10. The unitizing element 30 thereby provides a wear— 
buffer between the rotor and stalor components. This serves to prolong the useful life 
of ,he rotor and stalor by minimizing wear of these two parts. When the unitizing 
e,emen« 30 reaches the end of its usefiil life, it may be easily replaced, wrth less 
operational downtime and replacement cos. .ban .ha. associated w,<h replacing .he 
rotor and stator. 

,0045] As shown in FIG. 6, in another embodiment of the present invention, .he 
stator 10 is seahngly engaged to the bearing housing 68 with an O-ring 64. The O- 
n „g resides within a groove formed to the radially outer side of the stator. The 
groove is uniquely formed such .ha. .he bottom surface of .he groove is sloped such 
,ha, one side of the groove is deeper .han .he opposing side of .he groove. In the 
eonfiguration shown in FIG. 6, .he side most proximate .he body of .he bearmg 
housing is less deep than .he s,de remote from the body of the bearing housing. The 
effect of mis is to cause the O-ring to compress and increase pressure to .he beanng 
housing should .he stator begin to move away from the body of toe bearing housmg. 
This increased pressure will halt the movement of the sta.or. 

,00461 The specific angle and position shown in FIG. 6 are exemplary only. In 
various embodiments, the sloping surface may comprise a portion of the groove 
b o„om, or the entirety of the groove bottom It is to be understood that this principle 
and sloped O-ring groove can be used to secure the rotor 50 to fine ro.ating shaft 
through a srmilar groove on the rad.al.y inner surface of.be rotor. Additionally a 
pUrrality of possible groove shapes can be used to increase compression of the O-nng 
when undesirable axial movement occurs. 
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,0047, in another aspect of the present tnvention, a method for assembling a sealing 

of the present tnvention is tnserted between the stator 10 and the rotor 50 to form a 
sealing assembly. The preferred method for assembling the sealing assemb.y 

unitizing element and rotor with the stator 10 and bearing houstng. 

,00481 The method further comprises, providing a unitizing element 30 comprising: 
a rotor engagtng member 36, a stator engagtng member 32, and a rear member 34, 
and prov,d,ng a rotor comprtstng a rotor annular flange 52 extendtng in an axial 
dfrection and bavtng a groove 54 therein; and positiontng the unttizing element 30 
within the rotor 50 such that the rotor engaging member 36 of the unittztng element 
engages the groove 54 in the annular flange of the rotor. Contact between the rotor 
engaging member 36 and the opposing walls of the rotor groove 58a, 58b securely 
retains the unitizing element in position. 

,00491 The assembled rotor 50 and unttizing element 30 are engaged to the stator 
,0 The stator 10 comprises an annular flange 12 extendtng toward the rotor 50 and 
havntg a groove 14 on a radta.ly outer stde thereof. As the unttizing elemental shdes 
ar „und the annular flange 12, the stator engagtng member 32 is deflected and deforms 
into the vo,d 40 to allow the unttiztng element to slide into positton around the stator 
annular flange. Once the stator engaging member 32 has been pushed past the stator 

u io ; c frPP tn flex back into an extended position 
lip 16, the stator engaging member 32 is free to flex oacx ini 

within the stator groove 14. The stator engaging member 32, in the extended 
position, will extend in the groove 14 pas, the outer circumference of the stator hp 16. 
In this position, the stator engaging member 32 will serve to provtde a means for 
retaining the unitizing element 30 and rotor 50 with the stator .0 by preventtng axtal 
movement of the rotor away from the stator. 
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[0050, in this position, .he unitizing eleven. 30 unitizes the rotor 50 and the stater 
10 by filling the void therebetween and contaeting the opposing walls of the rotor 
groove 58a, 58b. The engaging member 32 rests within the grove ,4 on the stater 10, 
W does no. eontae. oppos.ng wal.s 18a, 18b during norma, operation. If and w hen 
axia, foree is applied moving the rotor 50 away from .he s.a.or 10, oppostng wa 58b 

.he unitizing element 30 to move with the rotor 50. Movement of the unitizing 
element 30 will be arrested by contact of the stator engaging member 32 wtth 
opposmg wa,. 18a of the stater groove 14. By this action, the sealing assembly 
comprising .he ro.or, unitizing element, and stator, is un.tized. The only means for 
disassembling the sealing assembly rs to app.y enough axia. force to irreparably 
damage the unitizing element. 

,0051) In addition to the unitizmg effect in the sealing assembly, the unitizing 
element a.so creates a non-con.ae.ing relationship between the rotor and stater. In the 
even, of axia. movement of the rotor 50 toward the stator ,0, the rotor will contact the 
unitizing element 30 and force the rear member 34 into contact with the stator rear 
wa,, 20 The unitizing element 30 is designed such that the rear member 34 extends 
toward the stator farther than the ro.or annular flange 52. Thus, the rotor annular 
flange rs prevented from contacting the rear wall of the stator, thereby increase the 
useful life of the rotor and s.a.or by preventing undue wear of the components. 

,00521 Although the present invention has been described with reference to 
parttcuiar embodiments, it should be recognized that these embodiments are merely 
illustrative of the princip.es of the present invention. Those of ordinary skffl tn the art 
wrl, appreciate that the unitizing element and assembly of the present inventton may 
be constructed and .mplcmented with other materials and in other ways and 
embodrments. Accordrng.y, the description heretn should no. be read as hmthng .he 
present invention, as other embodiments also fall within the scope of the present 
invention. 
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